tetramethylsilane (TMS) as an internal reference. Fourier transform Infrared (FT-IR) spectra
were recorded on an IFS 66V/S Fourier transform infrared spectrophotometer. UV-Vis spectra were recorded on a Shimadzu UV-3600 spectrometer. The PXRD data for the structural analyses of PyVg-COF were collected using a synchrotron X-ray and multiple PILATUS 100K detectors of the BL5S2 beam line (λ = 0.79964 Å) at Aichi Synchrotron Radiation Center. The crystalline powder of PyVg-COF in a silica glass capillary (0.4 mm inside diameter) was heated at 393 K in vacuum for 1 h to remove the guest molecules. The sample for the structural analysis of PyVg-COF was sealed in vacuum. Elemental analysis was performed on an Elementar Vario EL elemental analyser. TGA measurements were performed on a Rigaku Thermo plus EVO2 under N 2 , by heating to 800 °C at a rate of 5 °C min -1 . Field-emission scanning electron microscopy (FE-SEM) was performed on a Zeiss_Merlin operating at an accelerating voltage of 5.0 kV. The sample was prepared by drop-casting an NMP solution onto mica substrate followed by thermal evaporation and then coated with platinum. High-resolution transmission electron microscopy (HR-TEM) images were obtained on a TEM JEOL 2100F with an acceleration voltage of 300 kV.
Photoluminescence spectra were recorded on a Jobin-Yvon Spex Fluorolog-3 spectrofluorometer. Atomic force microscopy (AFM) measurement was carried out using a Digita Instrumental DI Multimode Nanoscope IIIa in taping mode. Electron paramagnetic resonance (EPR) spectra were measured on Bruker E500 electron paramagnetic resonance spectrometer. The film thickness was recorded on a Veeco Dektak 150 atomic profiler.
Grazing-incidence wide-angle X-ray scattering (GIWAXS) experiments were carried out on a Xenocs Xeuss 2.0 system with an Excillum MetalJet-D2 X-ray source operated at 70.0 kV, 2.8570 mA, and a wavelength of 1.341 Å. The grazing-incidence angle was set at 0.20°.
Scattering pattern was collected with a DECTRIS PILATUS3 R 1M area detector.
Theoretical simulation.
The crystalline structures of PyVg-COF were determined using the density-functional tight-binding (DFTB) S3 . The calculations were carried out with the DFTB+ program package version 17.1 S4 . DFTB S5 is an approximate density functional theory method based on the tight binding approach and utilises an optimised minimal LCAO Slater-type all-valence basis set in combination with a two-center approximation for Hamiltonian matrix elements. The
Coulombic interaction between partial atomic charges was determined using the selfconsistent charge (SCC) formalism. The lattice dimensions were optimised simultaneously with the geometry. Standard DFTB parameters for X-Y element pair (X, Y = C, H, N and Cl) interactions were employed from the 3ob set S5-S8 . Discovery Studio Visualizer were employed to build inputting files for DFTB simulation and visualise simulating results S9 .
The adsorption energy was calculated using spin-polarised DFT method with periodic boundary conditions as implemented in the Vienna Ab initio Simulation Package (VASP 5.4.1) S10,S11 . The Perdew-Burke-Ernzerhof functional S12 with Grimme's semiempirical "D3" dispersion term S13 (PBE-D3) was employed in these calculations. Plane wave basis sets with an energy cutoff of 500 eV were used to describe valence electrons, while core electrons were described by the projector-augmented-wave pseudopotentials S14,S15 . The Brillouin zone was sampled by a Γ-point. During the geometry optimisation, both cell parameters and atomic positions were fully optimised until all atomic forces become smaller than 0.01 eV/Å.
Gas sorption measurements.
Gas sorption isotherms were measured on a BELSORP-max (MicrotracBEL, Japan, Corp.) automated volumetric sorption analyser, equipped with cryostatic temperature controllers. Before measurement, the samples were degassed in vacuum at 120 °C for 11 h.
By using the non-local density functional theory (NLDFT) model, the pore volume was derived from the sorption curve.
IAST calculations.
The selectivity of preferential adsorption of component 1 over component 2 in a mixture containing 1 and 2, perhaps in the presence of other components too, can be formally defined as (1)
In equation (1) Monte Carlo (CBMC) simulations of mixture adsorption S17-S19 .
Isosteric heat of adsorption.
The binding energy of CO 2 is reflected in the isosteric heat of adsorption, Q st , defined as were further process, reduced, and merged using NCNR SANS package S20 . The scattering curves were fitted with 2D plate model using SasView S21 .
Conductivity
The conductivity was measured by constructing two types of device as shown in
Supplementary Figure S17 . The distance of two electrodes in horizontal and vertical measurements were 10 and 1.6 μm, respectively. The current density−voltage (J−V) profiles were recorded with a Keithley 2400 source meter.
Conductivity measurements of single COF nanosheets
Highly conductive p-silicon wafers (electrical impedance, 0.002 ~ 0.005 Ω mm −1 ) with 200 nm thermal growth SiO 2 layer were cut into 1 × 1 cm 2 wafer. Hereafter, the wafers were washed twice with chloroform and then cleaned twice by ultrasonication with acetone and ethanol, respectively.
The COF nanosheets were transferred onto the p-silicon wafers from dilute DMI solution, followed by thermal evaporation of the solvents. Two platinum probes were then contact closely with the single COF nanosheets with large area and different thicknesses. The current and voltage were recorded by the semiconductor parameter analyser (keithley 2636B) collecting to the prove system (OYM 130). The micrographs were recorded by Keyence microscope VHX-900F attached to the long work distance lens (VH-Z50L).
Carrier mobility.
ITO/COF film (1.637 μm)/Al (300 nm). In TOF experiments, charges were generated by a pulsed nitrogen laser (NL100, SRS, Stanford Research Systems) working at a pulse duration of 3.5 ns and a wavelength of 337 nm. A sourcemeter (Keithley 2400) was used to provide the electric field across the sample. A digital storage oscilloscope (Tektronix MDO3102) was used to record TOF transient signal. The drift mobility was calculated by using the equation µ = d 2 /(U×t tr ), where d is the film thickness, U is the applied voltage, and t tr is the transit time taken from the TOF signal curve.
Supplementary Tables   Table S1 . Figure S1 . Solid-state 13 C NMR spectrum of PyVg-COF. Figure S2 . FT-IR spectra of PyVg-COF (red curve), Py monomer (green curve) and Vg monomer (blue curve).
The IR spectra exhibited a newly generated stretching vibration band at 1,681 cm -1 , which was assigned to the vibration of C=N bond in imine groups. We have calculated the theoretical surface area of our COF material by SAS method, which was 2800 m 2 /g. Compared with the theoretical value, the experimental value (348 m 2 /g) was obviously small. We speculated that there were two reasons for the small surface area. First, the PyVg-COF adopted AB stack, in which the π-π interactions were much smaller than those in AA stack, and thus gave rise to irregular pore structures. Second, some defects such as non-reacted sites would exist in the COFs. These two factors may significantly decrease the porosity in the COF bulk materials. From Figure S7a -f we could obtain the ε in different solutions, as was marked in the figures. From Figure S7g we could calculate the concentrations of PyVg-COF in these solvents, and finally get the solubility of PyVg-COF in these solvents under saturated conditions, as listed in Table S3 . Upon further TEM analysis, we were aware that the high-resolution TEM and SAED patterns indicated a hexagonal lattice of the PyVg-COF nanosheets, which was different from that in the bulk powders (orthorhombic lattice). In order to get insight into this phenomenon,
we also simulated the hexagonal lattice of the PyVg-COF nanosheets, in which the Py units in the same layer adopted an angle of 60°. This model was also a thermodynamically stable form and well matched with the SAED patterns and high-resolution TEM image. Notably, the angle of the two Vg arms changed from 94° to 120°; the small changes of each Vg arm (13°) could result in global lattice transformation, which originated from the local rotation of C-C bonds neighbouring the imine bonds. Such phenomena were widely recognized in the MOF society as "breathing effect" in various soft MOF materials. Thus, the PyVg-COF exhibited flexibility; it adopted an orthorhombic lattice in the powder state, whereas it transferred into hexagonal lattice in the exfoliated state in the presence of solvents. We intentionally designed a special electrochemical cell for EPD process. The inner size of the cell was 60 × 14 × 5 mm 3 . In the inner bottom as well as the cover there are respectively two grooves which regulated the distance of the two electrodes to be 3 mm.
Considering the EPD rate and the film thickness were positively related with the electric field intensity, this cell design ensured efficient EPD process under a low applied voltage (e.g., 10
V), and enabled the production of thin COF films. We immersed the COF EPD films into DMAc, which is a good solvent for bulk COF sample. When the thickness of the films was low (left photos in both (a) and (b)), the films hardly dissolve in DMAc, which could be attributed to the strong interactions between the COF EPD films and the ITO electrodes. Upon increasing the thickness of the films (right photos in both (a) and (b)), they gradually dissolved in DMAc. These results revealed that the COF EPD films retained their solubility. The BET surface area of the PyVg-COF EPD films was calculated as 132 m 2 g −1 , and the main pore sizes were determined to be 1.0 nm. Figure S19 . GIWAXS of (a) the PyVg-COF EPD films on ITO and (b) the ITO substrate. 
